Background: Variability in the management of glomerulonephritis may negatively impact efficacy and safety. However, there are little/no data on actual variability in the treatment of minimal change disease (MCD)/focal segmental glomerulosclerosis (FSGS) in adults. We assessed Spanish practice patterns for the management of adult nephrotic syndrome due to MCD or FSGS. The absence of reasonably good evidence on treatment for a disease often increases the variability substantially. Identification of evidence-practice gaps is the first necessary step in the knowledge-to-action cyclical process. We aim to analyse the real clinical practice in adults in hospitals in Spain and compare this with the recently released Kidney Disease: Improving Global Outcomes clinical practice guideline for glomerulonephritis.
Introduction
Variability in the management of glomerulonephritis could negatively impact efficacy and safety, increasing the risk of progression to end-stage renal disease [1] . More than 75% of Canadian IgA nephropathy patients have proteinuria >1 g/day and GFR >50 mL/min/1.73 m 2 , yet only 33% received steroid treatment despite evidence suggesting this would improve renal outcome [2] [3] [4] . Furthermore, 19% of patients with membranous nephropathy and subnephrotic proteinuria are treated with immunosuppression in spite of a good long-term renal outcome with renin-angiotensin system blockade [5] . Currently, there is little information on variability of clinical practice for the management of adult nephrotic syndrome due to minimal change disease (MCD) or focal segmental glomerulosclerosis (FSGS), which are considered rare diseases. Two nephrologist-level surveys have been published in the last 16 years, one on paediatric steroid-resistant FSGS patients and the other on overall glomerulonephritis management, both presenting only North America data [6, 7] . Only one study has assessed the homogeneity of treatment in adults [8] , but it did not provide patient-level data, and gaps may exist between what nephrologists plan to do and what they actually do. The Kidney Disease: Improving Global Outcomes (KDIGO) clinical practice guideline for glomerulonephritis presents an excellent summary of the current state of knowledge on glomerular disease management and thus provides a useful framework for the clinician [9] .
Childhood nephrotic syndrome is one of the most common childhood kidney diseases, affecting ∼16 per 100 000 children [10] . More than 90% of cases are due to MCD or FSGS. Nephrotic syndrome incidence is lower in adults than in children, and MCD and FSGS account for only 25-30% of adult nephrotic syndrome cases. There are scarce randomized clinical trials (RCTs) addressing therapy for these conditions [11] . As a consequence, most recommendations for the treatment of adult nephrotic syndrome are based largely on extrapolation from childhood studies, and the quality of evidence is low ('the true effect may be substantially different from the estimate of the effect') or very low ('the estimate of effect is very uncertain, and often will be far from the truth').
Under these circumstances, implementation of guidelines may be compromised if recommendations differ much from usual clinical practice. We aimed to assess Spanish practice patterns for the management of adult nephrotic syndrome due to MCD or FSGS, as a country representative of a public universal health care system, and to compare these with recommendations from the KDIGO clinical practice guideline for glomerulonephritis [9] .
Methods

Study population and patient selection
We enrolled patients with a renal biopsy diagnosis of MCD or FSGS from 2007 to 2011 in 13 Spanish hospitals belonging to the Spanish group for the study of glomerular diseases (GLOSEN). Clinical records were retrospectively reviewed. Renal biopsies were processed for light microscopy, immunofluorescence and electron microscopy. Patients younger than 18 years at the time of the biopsy, with any cause of secondary forms or who had received immunosuppressive treatment prior to renal biopsy were excluded. Demographics, baseline characteristics, kind and length of treatment at the beginning and in relapses, frequency and timing of relapses, complications, outcome data and laboratory parameters were recorded.
Definitions
Complete remission was defined as a daily urine protein excretion <0.3 g/day, urine protein∶creatinine ratio <0.3 g/g, normal serum creatinine and serum albumin >3.5 g/dL. Partial remission was defined as proteinuria reduction ≥50% from the baseline value with absolute proteinuria 0.3-3.5 g/day (urine protein∶creatinine ratio 0.3-3.5 g/g) and stable serum creatinine (change in creatinine <25%). Frequent relapse was defined as two or more relapses within 6 months of initial response or four or more relapses in any 12-months period. Steroid dependence was defined as two consecutive relapses during steroid therapy. Steroid resistance was defined as persistence of proteinuria despite prednisone 1 mg/kg/day or 2 mg/kg every other day for >4 months. 
Statistical analyses
Results
We studied 119 adult patients with biopsy-proven MCD (71 patients) or FSGS (48 patients) from 13 GLOSEN hospitals. Baseline characteristics are shown in Table 1 . Serum albumin and the number of sclerotic glomeruli were significantly lower in MCD than in FSGS patients (2.10 ± 0.65 versus 2.82 ± 0.99 g/dL and 4.94 ± 10.04 versus 18.20 ± 19.32; P < 0.0001, respectively). Of the 119 patients, 102 (82%) received steroids or immunosuppressive treatment (calcineurin inhibitors, mycophenolate mofetil or cyclophosphamide; active treatment group) and 17 received conservative treatment. Six of the 102 patients who received active treatment had proteinuria <3.5 g/day and serum albumin >3.5 g/dL. Two of the 17 patients on conservative treatment had proteinuria >3.5 g/day and serum albumin <3.5 g/dL, the rest not having nephrotic syndrome.
Median follow-up was 44 (IQR 22-56) months. At the end of follow-up, 3 (2.5%) patients had died, 20 (16.8%) were lost to follow-up, 71 (59.7%) attained complete remission, 18 (15.1%) achieved partial remission and 7 (5.9%) maintained nephrotic syndrome.
Initial therapy for the first episode
Almost all (101 of the 102) active treatment patients received steroids as first-line treatment. One FSGS patient initially received mycophenolate. The mean initial steroid dose was 63 ± 16 mg/day (0.89 ± 0.13 mg/kg/day) in MCD patients and 63.7 ± 11.79 (0.85 ± 0.14 mg/kg/day) in FSGS patients (ns).
The mean duration of steroids at initial high doses was 8.7 ± 13.2 weeks (median 5, IQR 3-9) and the mean global duration of steroid treatment was 38 ± 32 weeks (median 26, IQR 17-45). The mean duration of initial high-dose steroids was less for MCD than for FSGS patients (5.7 ± 3.5 versus 13.0 ± 19.4 weeks, P = 0.024). The entire steroid treatment duration was also significantly shorter for MCD than for FSGS patients (24.7 ± 20.7 versus 55.6 ± 39.4 weeks; P < 0.0001).
The duration of initial high-dose steroids was <4 weeks in 41% of patients (43% in MCD and 37.5% in FSGS; P = 0.548, NS), 4-8 weeks in 32.6% (40% in MCD versus 22.5% in FSGS; P = 0.017), 8-12 weeks in 8.4% (11% in MCD versus 5% in FSGS; P < 0.001), 12-16 weeks in 7.4% (5.4% in MCD versus 10% in FSGS; P < 0.0001) and >16 weeks in 10.5% of patients, all of them having FSGS (25% of FSGS patients).
Of the 102 active treatment patients, 21 were defined as steroid dependent [ The total duration of steroid treatment was longer in steroidresistant (60.1 ± 36.2 weeks) than in steroid-dependent patients (28.7 ± 25.7 weeks) or responder patients (29.4 ± 27.7 weeks) (P < 0.0001) and we found no difference in high-dose length (9.5 ± 11.8 weeks in steroid dependent, 7.3 ± 5.0 weeks in steroid sensitive and 8.8 ± 15.8 weeks in steroid resistant; P = 0.86). In the steroid-resistant group (n = 26), 7 patients received steroids for <4 weeks and 6 patients for <8 weeks (Figure 1) .
A negative correlation was found between the full duration of steroid treatment in the first episode and the number of later relapses (r = −0.24, P = 0.023). The average number of relapses was similar in patients who received steroids for 4 versus 4 weeks (1.95 ± 1.60 versus 1.88 ± 1.42). At the end of follow-up, patients who had attained complete remission had received steroid treatment for a shorter period in the first episode (33.9 ± 32 weeks) than patients in partial remission (64.6 ± 28.1 weeks; P = 0.012) or non-responder patients (46.2 ± 62.8 weeks; P = 0.024). Variability in adult nephrotic syndrome | 383
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included steroid resistance or dependence, partial response to steroids, frequent relapses and toxicity or contraindications to steroids. Some patients received more than one agent (usually sequentially).
Initial therapy in relapses
There were 98 relapses and they tended to be more frequent in MCD than in FSGS patients (2.10 ± 1.6 versus 1.56 ± 1.2 relapses; P = 0.09) (Figure 2 ). Relapses were treated initially with steroids in 91 patients (95%). Only seven relapses were treated initially with another drug: two with mycophenolate and five with calcineurin inhibitors ( Figure 3) .
The average initial dose of steroids was significantly lower in each successive relapse: the average dose was 55.79 ± 18.34 mg/ day in the first treatment, 55.7 ± 18.3 mg/day in the first relapse, 52.5 ± 17.9 mg/day in the second relapse, 47.0 ± 20.5 mg/day in the third relapse and 42.8 ± 19.7 mg/day in the fourth relapse (P < 0.0001). There was no difference in the duration of steroid treatment between the relapses.
Second-line treatment in relapses
Calcineurin inhibitors were more frequently used in relapses. Thus, they were the second-line treatment in 81% of patients in the first relapse and in 77.7% of patients in the second relapse.
Discussion
Although there is some uniformity, significant practice variability does exist in the management of adult idiopathic nephrotic syndrome, MCD and FSGS in Spain. Our study demonstrated variability in criteria for starting treatment, in duration of initial and tapered off steroid regimens, in medical criteria for classifying the steroid-resistant condition and in the second-line treatment.
Nephrotic syndrome secondary to MCD is associated with significant morbidity due to accelerated atherosclerosis, due in part to dyslipidemia [12] , infections [13, 14] and thromboembolic events [15] . Patients with FSGS and persistent nephrotic syndrome are at increased risk of progressive CKD and its accompanying cardiovascular morbidity and mortality. Risks are dependent on the level of proteinuria and kidney function, so patients with non-nephrotic proteinuria have a good prognosis, with kidney survival rates of >95% after a mean follow-up of 6.5-9.3 years [7, 16] , even in older studies. Hence, the KDIGO guideline recommends steroids and immunosuppressive therapy only in idiopathic nephrotic syndrome and not in patients with subnephrotic proteinuria. In our study, six patients received immunosuppressive treatment, although they only had subnephrotic proteinuria. In a Canadian survey, 9% of nephrologists would not prescribe immunosuppressive therapy to patients with FSGS and proteinuria >5 g/day and, conversely, 26% of nephrologists would treat FSGS and proteinuria of 2 g/day with prednisone or calcineurin inhibitor [6] .
The overall grade of evidence to guide treatment of these diseases is based on and extrapolated from studies in children. The current KDIGO guideline suggests that the initial high dose of steroids should be maintained for a minimum of 4 weeks if complete remission is achieved and for a maximum of 16 weeks if complete remission is not attained. Steroids should be tapered slowly over a total period of up to 6 months after achieving remission [9] . There is some consensus that adults respond more slowly to therapy than children and they should not be considered to be steroid resistant until after 16 weeks of therapy. However, these timelines are arbitrary. A recent systematic review of the Cochrane Central Register of Controlled Trials, Medline and Embase reference articles and abstracts from conference proceedings for RCTs or quasi-RCTs identified only three RCTs with 68 participants >18 years of age. These data proved inadequate to draw any firm conclusions with respect to the utility or duration of prednisone therapy in adults. Nonetheless, in spite of the severe paucity of RCT data, other nephrology societies, such as the Canadian Society of Nephrology, agreed with the general principles of management proposed by the KDIGO guideline [17] .
Using these guidelines as a comparison, Spanish nephrologists appear to be prescribing high-dose steroids for less time than recommended in the guideline but keep a similar duration of the tapering period. Treatment length variability was also found in a Canadian and North American practice variation study in children [1, 18] .
In our study, nearly half of patients (41%) were treated with high steroid doses for less time than recommended in most guidelines (<16 weeks). The shorter duration was not associated with a higher number of subsequent relapses or with requiring second-line treatment.
In fact, the percentage of steroid-resistant patients in MCD (9.6%) was similar [13, [19] [20] [21] or even lower than in previous reports [22, 23] . In our study, the global steroid treatment was long (38 ± 32 weeks), and this may explain the good outcome. In a meta-analysis of published studies in childhood MCD, a longer course of initial steroid treatment (lower dose for longer time) was associated with a lower relapse rate [24] . We questioned whether it is necessary to maintain high-dose steroids for up to 16 weeks if a complete remission is not attained, given the potential for major side effects. In this regard, the addition of three new 
well-designed studies has changed previous Cochrane Collaboration conclusions on steroid treatment duration in children [24] . There was no significant difference in the risk of steroid dependence between prednisone for 8-12 weeks and longer duration or total dose of therapy, indicating that there is no benefit of increasing the duration of high-dose prednisone beyond 8-12 weeks in the initial episode.
The KDIGO guideline [9] recommends alkylating agents for steroid-dependent patients and suggests calcineurin inhibitors only for patients with relapse despite cyclophosphamide and for those who wish to preserve fertility [9] . This suggestion is based on studies that show that both drugs lead to remission in a significant number of adults [25] [26] [27] , but the relapse-free interval appears to be longer with cyclophosphamide.
For steroid-resistant nephrotic syndrome, mainly FSGS patients, calcineurin inhibitors are suggested based on several studies [28] [29] [30] . The study by Gullatti et al. [29] compared tacrolimus for 12 months or 6 monthly infusion of intravenous cyclophosphamide, with both arms receiving equal amounts of alternate-day prednisolone. Complete remission was significantly higher with tacrolimus (52.4%) than with cyclophosphamide (14.8%).
In our study, the use of cyclophosphamide was the exception not the rule. Calcineurin inhibitors were the most commonly used drugs in steroid-dependent or steroid-resistant patients. In a Canadian variability study, there was uniformity in the use of an alkylating agent (cyclophosphamide) as a steroid-sparing therapy in children with biopsy-proven MCD and calcineurin inhibitors to reduce steroid exposure in children with FSGS. Despite a lack of evidence that kidney biopsy results infer the success for a specific therapy or disease outcome in steroid-dependent or steroid-resistant patients, in the Canadian study, histopathological findings appeared to influence treatment choices [1] .
The Cochrane group identified no RCTs comparing regimens in adults with steroid-dependent or relapsing disease or comparing treatment regimens comprising alkylating agents, cyclosporine, tacrolimus, levamisole or mycophenolate mofetil [11] .
The KDIGO guideline's preface states the primary goal of the guideline is 'to improve quality of care . . . by helping clinicians know and better understand the evidence (or lack of evidence) that determines practice'. However, there is a strong body of literature suggesting that despite the presence of reasonably good evidence on treatment for a disease, current clinical practice often substantially deviates from the evidence [6] . In the present Spanish study, adherence to guidelines was higher for recommendations supported by good evidence, for instance, the use of steroids as first-line treatment, and has been more chaotic for other recommendations based on lower-quality evidence, e.g. the duration of steroid treatment and second-line treatment in patients with steroid dependence or steroid resistance.
Spain is a country with universal health care access and insurance coverage for immunosuppressive medications. Therefore, the observed variability would not be linked to poor access to medical care or immunosuppressive drugs.
Most (95%) recommendations for the management of MCD and FSGS in adults are Grade 'C' or lower and three recommendations are not graded. Systematic reviews usually conclude that new RCTs should be carried out and that extrapolation of the paediatric literature should be avoided, but the state of the art has not changed in recent decades.
These are orphan diseases, and the limited number of new cases seen yearly by individual nephrologists causes variability and limits our ability to advance therapy. Reference centres should be instituted that either care for these patients or provide and monitor advice to individual nephrologists. This kind of structure would allow the implementation of prospective homogeneous protocols with frequent assessment of results and facilitate enrolling patients in RCTs.
There are several limitations in our study design. The studied period preceded the KDIGO glomerulonephritis guideline publication in 2012. Thus, these results should not be interpreted as a failure of guideline implementation, but instead highlight the variability in practice patterns and current care gaps linked to literature evidence at that moment. On the other hand, most participant centres (but not all) are academic hospitals, so it is possible that regional hospitals present a different spectrum of variability. Finally, in some clinical scenarios (e.g. adverse reactions to drugs, unacceptable cosmetic side effects), deviations from published guidelines and therapy individualization are entirely justified, and we do not consider these particular situations. We should not forget that these diseases can affect old and very old patients. In the Spanish glomerular disease registry, 13.4 and 8.2% of renal biopsies in patients >65 years of age with nephrotic syndrome were diagnosed as MCD and FSGS, respectively. Intolerance to steroid or other immunosuppressive therapy tends to be more significant and severe in the presence of advanced age and other comorbid conditions, such as obesity and diabetes. Even evidence supported by good quality data may not suit an individual patient.
In summary, we have documented significant clinical practice variability and evidence of practice gaps in the management of adult nephrotic syndrome in Spain. Clinical practice variability is higher in items supported by low (Grade C) or very low grade evidence (Grade D or not graded). The high clinical practice variability and low-quality evidence to support recommendations argue for the establishment of reference centres where patients with these rare diseases can be treated following homogeneous protocols and enrolled in RCTs.
